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1.0 INTRODUCTION

1.1 Background and Project Scope

Houle Chevrier Engineering Ltd. (HCEL) was retained by Novatech Engineering Consultants
Ltd. on behalf of Pinecrest Remembrance Services Ltd. to conduct a hydrogeological
investigation for a new water supply well to service a proposed visitation centre to be
constructed at the Highland Park Cemetery located at 2037 McGee Side Road on Lot 11,

Concession 2 in Huntley Township, Ottawa, Ontario.

The Highland Park Cemetery (hereafter referred to as ‘the subject site’) is comprised of a 48.6
hectare (120 acre) parcel of land to the northeast of the intersection of John Cavanaugh Drive
and McGee Side Road (see Site Location Map, Figure 1). One small administration building is
currently located in the southeast portion of the subject site. The existing administration building

is serviced by a private drinking water well and an onsite septic disposal system.

The proposed development will consist of the construction of a new visitation centre building,
approximately 1,400 square metres in size that will be serviced with on-site septic disposal
system and private water supply well. The visitation centre building will be slab on grade
construction and will be situated within the ringed roadway at the centre of the site (see Figure

1).

The objectives of this investigation are as follows:

¢ To investigate the potential quantity and quality of groundwater available from a drilled
test well on the subject site for potential domestic supply;

e To assess the potential for impact on the receiving aquifer(s) and any nearby surface
water features from on-site septic disposal systems. This will include predictions on

nitrate concentrations at the property boundaries.
1.2 Land Use in the Vicinity of the Site

Land use within 500 metres of the drinking water well was reviewed for concerns related to
groundwater quality. Land use in the vicinity of the site consists of agricultural land use,
scattered rural residential and industrial/commercial land use. Specific land uses near the site

boundaries are summarized below:
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Site Boundary Land Use

e Industrial/commercial land use, including one (1) church

Southwest (institutional land use).

Northwest e Agricultural land use.

Northeast e Agricultural land use, including one (1) rural farm,

Southeast e McGee Side Road, followed by agricgltura} land use,
fragment woodlands and scattered rural residential.

Potential impacts to groundwater quality from adjacent land within 500 metres of the subject site
boundary are not anticipated. No large scale water takings capable of causing adverse impacts
to groundwater quantity were identified within 500 metres of the onsite test well.

A Phase | Environmental Site Assessment (ESA), entitled “Phase | Environmental Site
Assessment, Highland Park Cemetery, 2037 McGee Side Road, Ottawa, Ontario” and dated
February 2010, was prepared by Houle Chevrier Engineering Ltd. for the subject site. The
Phase | ESA indicated that no actual or potential issues of environmental concern were
identified at the subject site or vicinity. Based on the results of the Phase | ESA, no further

environmental investigation was recommended.

1.3  Overview of Local Geological Setting

1.3.1 Topography

The topography of the site is relatively flat. Topographic mapping data, provided by Novatech
Engineering Consultants Ltd., indicates that the topography in the vicinity of the proposed

visitation center building generally slopes downward from the south to the north.

1.3.2 Drainage

The maijority of the site appears to be well drained based on observations made during site
visits. The drainage of the subject site is assumed to be influenced by the natural topography of
the site and is anticipated to be generally to the north based on topographic mapping. A
drainage ditch runs along the southeastern boundary of the subject site along McGee Side

Road.

Houle Chevrier Engineering Ltd.
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1.3.3 Regional Surficial and Bedrock Geology

Surficial geology maps (Urban Geology of the National Capital Region) of the area indicate that
the overburden deposits on the majority of the site range in thickness from about 1 to 10 metres.
The overburden thickness in the immediate vicinity in the well is indicated to range from 3 to 5
metres. The surficial geology of the subject site is indicated to consist of sensitive silty clay of
marine origin and/or glacial till. Surficial deposits in areas surrounding the subject site are
indicated to be offshore marine sediments consisting of marine deposits composed of silt and

clay and nearshore marine sediments composed of sands or sands and gravel.

Bedrock geology maps indicate that the surficial deposits on the site are underlain by
interbedded limestone and shale of the Verulam Formation. Bedrock aquifer maps indicate that
the Verulam Formation is capable of supplying sufficient water for domestic use. The water is

indicated to be of variable quality and may be sulphurous and saline.

Reference information for the Urban Geology of the National Capital Region is provided in

Section 7.0 and Appendix A of this report.

Houle Chevrier Engineering Ltd.
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2.0 GROUNDWATER IMPACT ASSESSMENT

21 Field Procedure

A geotechnical investigation, entitled “Geotechnical Investigation, Highland Park Cemetery
Visitation Centre, 2037 McGee Side Road, Ottawa, Ontario” and dated March 2010, was
prepared by Houle Chevrier Engineering Ltd. to determine the subsurface conditions at the

subject site.

The field work for the geotechnical investigation was carried out between February 8 and 9,
2010. During that time, six (6) boreholes, numbered 101 to 106, inclusive, were advanced in
the area of the proposed building to depths ranging from 3.8 to 4.5 metres. In addition, two (2)
test pits, numbered 101 and 102, were advanced in the area of the septic leaching bed; and,
seven (7) test pits, numbered 103 to 109, were excavated in the area of the proposed parking
lot and access roadways. Samples of the groundwater were recovered from boreholes 102 and
105 on June 3, 2010 and were submitted to Exova Accutest laboratory for analysis of nitrate

concentrations.

The approximate locations of the boreholes and test pits advanced as part of the geotechnical
investigation are shown on the Test Well, Borehole and Test Pit Location Plan, Figure 2. An
aerial photograph of the overall area of the subject site is provided on the Site Plan, Figure 3.
Descriptions of the subsurface conditions logged in the boreholes and test pits are provided in

the geotechnical report.
2.2 Soil and Groundwater Conditions

A surficial layer of topsoil, generally ranging in thickness from about 0.1 metres to 0.3 metres,
was encountered in all of the boreholes and test pits. Topsoil on the subject site was generally
determined to be underlain by deposits silty clay, sandy silt and glacial till. A detailed discussion
on the subsurface conditions can be found in the aforementioned geotechnical report..

Measured groundwater levels in the well screens installed in boreholes 102, 105, and 106
ranged from 1.7 to 1.9 metres below ground surface on February 19, 2010. No groundwater
inflow was observed in the test pits during the short period that they were left open following

excavation.
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The groundwater levels may be higher during wet periods of the year such as the early spring or

following periods of precipitation.

2.3 Background Nitrate Concentration

Water samples were collected from the monitoring wells installed in boreholes 102 and 105 on
June 3, 2010, and submitted to Exova Accutest for analysis of nitrates. The laboratory report of

analysis are provided in Appendix B.

The results of the laboratory analysis indicate that the background nitrate concentration in the
overburden soils in the vicinity of the proposed building were below the laboratory method of

detection.

2.4 Nitrate Dilution Calculation

Calculations were carried out to assess the potential impact of septic effluent on the properties
adjoining the proposed development using a nitrate dilution model. The Thornthwaite Water
Balance method was used to estimate the net potential infiltration based on local climatic data
available from Environment Canada for the Ottawa International Airport in Ottawa, Ontario.

The nitrate concentration at the site boundaries was calculated using the following information:

e A water surplus value of 312.4 millimetres was provided by Environment Canada
obtained for the Ottawa International Airport in Ottawa, Ontario between 1983 to 2002
for soil with a water holding capacity of 280 millimetres (silty clay). A copy of the water
surplus data is provided in Appendix C;

e A conservative infiltration factor of 0.45 was calculated using Table 2 of Section 4-62 of
the MOE document titled “MOEE Hydrogeological Technical Requirements for Land
Development Applications” dated April 1995.

o A topography factor of 0.20 was used because the site has a gentle downward

slope from the south to the north.
o A soil factor of 0.15 based was chosen based on the existing overburden

deposits (combinations of silty clay, sandy silt and glacial till).
o A cover factor of 0.10 was chosen for this site since the subject site consists

primarily of grassed landscaped areas.
e The area for potential infiltration was estimated to be approximately 44.9 hectares based

on the total site area minus estimated hard surfaced parking areas, access roadways
and roof tops (conservative estimate of 36,500 m? of hard surfaced areas).
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Based on the above information, an expected volume of effluent of 6,000 litres per day for the
proposed new building and an estimated 900 litres per day for the existing building on the
subject site (total septic flow for the subject site of 6,900 litres per day) and an effluent nitrate
concentration of 40 mg/L, the nitrate concentration at the site boundaries was calculated to be
1.53 mg/L (refer to the calculation in Appendix D). This is below the acceptable nitrate impact
requirement of 2.5 mg/L established by the MOE for commercial sites. The value is considered
to be conservative since some of the water runoff from hard surfaced areas (driveways, roofs,
road, etc.) will be contained on the subject site and will infiltrate through native and imported

soils.
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July 2010

Report to:
Novatech Engineering Consultants Ltd. -7- Our ref: 10-025

3.0 GROUNDWATER SUPPLY INVESTIGATION

3.1 Field Procedures
A field investigation was carried out in accordance with the MOE August 1996 document
“Procedure D-5-5, Technical Guideline for Private Wells: Water Supply Assessment” to

determine the quantity and quality of groundwater available for domestic water supply.

One (1) new test well (Test Well TW1) was drilled by Capital Water Supply Ltd. of Stittsville,
Ontario under Well Contractor License No. 1558 on February 18, 2010.

The approximate location of the test well is shown on the Test Well, Borehole and Test Pit
Location Plan, Figure 2. An aerial photograph of the overall area of the subject site and area of
proposed development are provided on the Site Plan, Figure 3. The MOE Water Well Record
for the test wells is provided in Appendix E and the geographical reference for the test well is

provided in the MOE Water Well Record.

3.1.1 Test Well Construction

Well grouting inspections were carried out by HCEL staff during the sealing of the well casing in
the test well. The well casing for the test well was sealed into the bedrock by placing

approximately 0.42 m® of cement and bentonite grout. HCEL staff was not present for the

remainder of the drilling of the test well.

The construction details of the test well are summarized below:

Depth to Bedrock Depth of Casing Total Well Depth
Test Well (m BGS) (m BGS) (m BGS)
W1 3.35 6.40 138.67

The well driller reported that some water was present in the test well but was insufficient to
support pumping of the test well. The well driller brought a cable tool drill rig onsite to further
develop the test well. The cable tool drill rig was successful in developing the test well such that

sufficient quantity of water was obtained to carry out pumping of the test well.

Houle Chevrier Engineering Ltd.
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3.1.2 Preliminary Water Sampling

A two (2) hour pump test was carried out by Capital Water Supply on February 19, 2010, for
completion of the MOE Water Well Record. The well was pumped at a rate of 18.2 litres per
minute for approximately two (2) hours. A preliminary water sample was collected from the test
well following the two (2) hour pump test. The preliminary groundwater sample was collected
and prepared/preserved in the field using established sampling protocols and submitted to
Exova Accutest Laboratories (Exova) in Ottawa, Ontario for chemical, physical and
bacteriological analyses as listed in the MOE guideline titled “Technical Guideline for Private
Wells: Water Supply Assessment”, dated August 1996. The laboratory reports of analysis for
the preliminary water sampling are provided in Appendix F and summarized in Table 1 following

the text of this report.

Additional pumping was conducted on the test well prior to re-sampling to confirm the
exceedances noted in the preliminary water sample. The test well was pumped at a rate of
approximately 22.5 litres per minute for approximately eight (8) hours on March 5, 2010.
Following the eight (8) hours of additional pumping, a water sample was collected and
submitted to Exova Accutest for analysis of parameters that were noted to be exceeded in the
preliminary water sample. The laboratory reports of analysis for the supplementary sampling

are provided in Appendix G.

Additional pumping of the test well was carried out over the period of March 16 to 18, 2010, in
an effort to further develop the test well. Water samples were collected on March 16 and March
18 and submitted to Exova Accutest for analysis of fluoride. The laboratory reports of analysis

for the supplementary sampling of fluoride are provided in Appendix G.

The results of the initial rounds of water sampling indicated that several health related, aesthetic
and operational guideline parameters exceeded the limits provided in the Ontario Drinking
Water Standards (ODWS). The exceedances of the preliminary water sample and subsequent

retesting are summarized below:

Houle Chevrier Engineering Ltd.
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Parameter . .
Date Exceeded Concentration | ODWS Limit Notes
. Exceedance due to
Total Coliform <10 ct/100 mL | O ct/100 mL elevated detection limit
N . Exceedance due to
Feb. 19, 2010 | Escherichia Coli | <10 ct/100 mL | 0 ct/100 mL elevated detection limit
Colour 17 TCU 5TCU -
Fluoride 3.17 mg/L 1.5 mg/L -
Hydrogen . -
Sulphide 1 0.05 mg/L | Elevated Detection Limit
- Elevated turbidity due to
Turbidity >100 NTU 5NTU cable tool drill rig
Exceeds warning level
Feb. 19, 2010 Sodium 125 mg/L 20 mg/L for persons on sodium
restricted diets only
Iron 1.54 mg/L 0.3 mg/L -
Manganese 0.06 mg/L 0.05 mg/L -
Organic Nitrogen 0.18 mg/L 0.15 mg/L -
Fluoride 2.71 mg/L 1.5 mg/L -
Hydrogen )
Mar. 5, 2010 Sulphide 3.80 mg/L 0.05 mg/L
Turbidity 36.7 NTU 5NTU -
Mar. 16, 2010 Fluoride 2.94 mg/L 1.5 mg/L -
Mar. 18, 2010 Fluoride 3.32 mg/L 1.5 mg/L -

Notes: Bold: Health related parameter

3.1.3 Test Well Rehabilitation

Due to the observed concentrations of fluoride in the test well, rehabilitation options were
investigated to improve the water quality of the well. The test well was hydro-fractured on April
30, 2010 by Outaouais Well Fracturing. The test well was hydro-fractured from a depth of
approximately 6.4 metres below ground surface to a depth of 78.0 metres below ground

surface.
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An additional eight (8) hours of pumping was carried out on May 5, 2010, at a pumping rate of
approximately 22.5 litres per minute. A water sample was collected from the test well following
the eight (8) hours of pumping and submitted to Exova Accutest laboratory for analysis of
fluoride. The laboratory report of analysis for the post hydro-fracturing water sample is provided

in Appendix H.

The results of the May 5, 2010 water sample analysis indicated that the fluoride concentration in
the test well was reduced by approximately 40 percent as a result of the hydro-fracturing
activities. The fluoride concentrations in the test well samples collected prior to and after hydro-

fracturing are summarized below:

Pre Hydro Fracturing Fluoride Post Hydro Fracturing
Sample Date Concentration Fluoride Concentration
February 19, 2010 3.17 mg/L -
March 5, 2010 2.71 mg/L -
March 16, 2010 2.94 mg/L -
March 18, 2010 3.32 mg/L -
May 5, 2010 - 1.93 mg/L

Based on the Ministry of Environment document “Technical Support Document for Ontario
Drinking Water Standards, Objectives and Guidelines” dated June 2006, fluoride concentrations
in the range of 1.5 to 2.4 mg/L should be addressed through local boards of health to raise

public and professional awareness to control excessive exposure to fluoride from other sources.

Once the concentration of fluoride in the test well following the hydro fracturing was reduced to
a concentration within the range of 1.5 to 2.4 mgJ/L, a six (6) hour pump test was carried out on

the test well to demonstrate that:

e fluoride concentrations in the test well will remain within the 1.5 to 2.4 mg/L range with
continued well development;

e the quality of the water meets the Ministry of Environment Regulations, Standards,
Guidelines and Objectives; and,

o the test well is capable of supplying a sufficient quantity of water for the intended future
use.

Houle Chevrier Engineering Ltd.
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3.1.4 Pumping Test

A pumping test for the onsite test well was conducted on May 18, 2010. A six (6) hour duration
constant discharge rate pumping test was conducted on the test well at a flow rate of
approximately 22.5 litres per minute. During the pumping test, water level measurements were
taken at regular intervals using an electric water level tape and on a continuous basis using an
electronic data logger. After the pump was shut off, water level data was collected until a
minimum of 95 percent of the drawdown in water level had recovered in the test well. The water
level measurements for the drawdown and recovery data for the pumping test are provided in

Appendix 1.

3.1.5 Water Sampling

Groundwater samples were collected from the test well after three hours of pumping and again
in the last hour of the pump test to characterize groundwater quality. Total chlorine tests were
performed to ensure that chlorine levels were at 0.0 mg/L prior to sampling for bacteriological
testing. The temperature, conductivity, total dissolved solids, pH, turbidity and total chlorine
levels of the groundwater were measured at periodic intervals during the pumping tests and are
summarized in Table 2. The groundwater samples were collected and prepared/preserved in
the field using established sampling protocols and submitted to Exova Accutest Laboratories
(Exova) in Ottawa, Ontario for chemical, physical and bacteriological analyses as listed in the
MOE guideline titled “Technical Guideline for Private Wells: Water Supply Assessment”, dated
August 1996. The results of the analyses are summarized in Table 3 and the laboratory reports

of analysis are provided in Appendix J.

Corrective actions were undertaken to address microbiological exceedances detected in the test
well in water samples collected during the six (6) hour pump test. Supplementary water
sampling for microbiological analysis was carried out on June 9, 2010, following the corrective
actions. The results of the supplementary microbiological water sampling are summarized in
Table 3. The laboratory reports of analysis for the supplementary sampling are provided in
Appendix K. Field measurements for chlorine and turbidity taken during additional pumping

following the corrective actions are summarized in Table 4.

The local Medical Officer of Health was notified of the fluoride and sodium concentrations and

the address of the property by facsimile on June 7, 2010. A response letter from the local
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Medical Officer of Health, dated June 9, 2010 indicates that advisory information regarding
fluoride and sodium concentrations in the water supply should be provided to users of the well
water for consumption purposes. A copy of the facsimile sent to the local Medical Officer of

Health and the response letter received are provided in Appendix L.

3.2  Water Quality

3.2.1 General

The results of the chemical, physical and bacteriological analyses on the water samples
collected during the six (6) hour pump test are summarized in Table 3. All water quality results
reported in the following sections are based on the water testing results after the hydro-
fracturing of the well was completed. No water quality results prior to the hydro-fracturing are

discussed in the following sections.

3.2.2 Health Related Parameters - Onsite Test Wells

Health related exceedances of the Ontario Drinking Water Standards (ODWS) were limited to
microbiological parameters and fluoride. A summary of health related exceedances and

subsequent re-sampling results are summarized below:

Sample . ODWS Maximum
Date Parameter Concentration Acceptable Concentration
. 6 ct/100 mL - 3 hour sample
Total Coliform 6 ct/100 mL - 6 hour sample 0 ct/100 mL
May 18, . 1.68 mg/L - 3 hour sample 1
2010 Fluoride 2.12 mg/L - 6 hour sample 1.5/2.4 mg/L
. 123 mg/L - 3 hour sample 2
Sodium 177 mglL - 6 hour sample 20/200 mg/L
June 9, . 0 ct/100 mL - Retest B3
2010 Total Coliform 0 ct/100 mL - Retest B4 0 ct/100 mL
Notes:

1. Naturally occurring fluoride concentrations in the range of 1.5 to 2.4 mg/L can be address through

local boards of health.
2. Sodium concentration does not exceed aesthetic objective and exceeds warning level of 20 mg/L for

persons on sodium restricted diets only.

As previously noted, the MOE Technical Support for ODWS document indicates that naturally
occurring fluoride concentrations in the range of 1.5 to 2.4 mg/L can be addressed through local
boards of health. When contacted, the local medical officer of health indicated that fluoride

Houle Chevrier Engineering Ltd.
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concentrations in the test well were acceptable provided that advisory information is provided to

users of the well water.

The following corrective actions were carried out to address the total coliform exceedance in the

May 18, 2010 sample:

e The test well was chlorinated on June 4, 2010 by HCEL staff using approximately 8 litres
of 6 % sodium hypochlorite solution (bleach);

o After approximately 87 hours of contact time, the test well was pumped at a flow rate of
approximately 22.5 litres per minute for approximately sixteen (16) hours on June 8 and
approximately eight (8) hours on June 9, 2010;

e On June 9, 2010, the total chlorine concentration was confirmed by HCEL staff to be
non-detectable as indicated by four (4) consecutive total chlorine measurements taken
approximately five (5) minutes apart using a HACH Total Chlorine test kit (model CN-

66T),

e OnJune 9, 2010, the level of turbidity of the water from the test well was confirmed to be
below 5.0 NTU in the field as indicated by four (4) consecutive turbidity measurements
taken approximately five (5) minutes apart using a Hanna Instruments Portable Turbidity
Meter (model HI 93703-11), and;

e Following confirmation of low levels of turbidity and the absence of total chlorine
concentrations, two (2) water samples were collected on June 9, 2010 in laboratory
supplied bottles by HCEL approximately five (5) minutes apart and submitted to Exova
Laboratories for analysis of total coliform bacteria.

The results of the re-sampling for total coliform on June 9, 2010, of the test well indicated that
total coliform bacteria concentrations had been reduced to 0 ct/100 mL in both of the re-test
samples. Based on the absence of total coliform bacteria in the retest samples taken on June
9, 2010, no further corrective actions for the test well are required and it is considered that it has
been satisfactorily demonstrated that the water quality available at the site is free from

bacteriological exceedances of the ODWS.

3.2.3 Aesthetic Objectives and Operational Guidelines

Aesthetic and operational related exceedances of the Ontario Drinking Water Standards
(ODWS) were limited to hydrogen sulphide, total dissolved solids, turbidity and hardness. A
summary of aesthetic objective and operational guideline related exceedances for the onsite

test well are summarized below:

Houle Chevrier Engineering Ltd.
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Sgr:tzle Exceedance Concentration of Exceedance ODWS Criteria
Hydrogen 0.17 mg/L - 3 hour sample
Sulphide 0.75 mg/L - 6 hour sample 0.05 mg/L
Total Dissolved 520 mg/L - 3 hour sample 500 ma/l.
May 18, Solids 683 mg/L - 6 hour sample 9
2010 - 11.2 NTU - 3 hour sample
Turbidity 22.9 mg/L - 6 hour sample 50NTU
128 mg/L as CaCOs; - 3 hour sample
Hardness 121 mg/L as CaCO, - 6 hour sample | |20 Mg/l as CaCO;
Hydrogen Sulphide

The concentration of hydrogen sulphide in the test well exceeded the Ontario Drinking Water
Standards (ODWS) aesthetic objective of 0.05 mg/L. The concentration of hydrogen sulphide in
the test well ranged from 0.17 to 0.75 mg/L.

Elevated concentrations of hydrogen sulphide are typically characterized by an unpleasant
odour (rotten egg smell) and, when in present in association with iron, can produce black stains

on laundered items and black deposits on pipes and fixtures.

The Ministry of Environment document entitled “Technical Support Document for Ontario
Drinking Water Standards, Objectives and Guidelines” indicates that low levels of hydrogen
sulphide can be removed effectively from most well water by aeration. Hydrogen sulphide can
also be effectively treated through the use of activated charcoal filters, chlorination, manganese
greensand filters and other forms of oxidizing treatment. Based on the relatively low levels of
hydrogen sulphide in the water samples collected during the pumping test, the water is

considered to be reasonably treatable by aeration for the hydrogen sulphide exceedance.

Total Dissolved Solids

The level of Total Dissolved Solids (TDS) in the water sample from the test well exceeded the
ODWS aesthetic objective of 500 milligrams per litre. As per Table 3 in the Appendix of the
MOE Guideline D-5-5, rationale must be provided that corrosion, encrustation or taste problems

will not occur when there are exceedances of the aesthetic objective for TDS.
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To determine the potential for corrosion and/or encrustation of the groundwater, the Langelier
Index (LI) and the Ryznar Stability Index (RSI) were calculated for the six (6) hour water sample
obtained from test well on May 18, 2010. These values are based on the TDS, temperature,
pH, alkalinity (as CaCO3), calcium (as CaCO3), chloride and sulphate levels observed in the
sample. The six (6) hour laboratory results and the field temperature measured after six (6)

hours of pumping of the test well were used for the purposes of the calculation.

The LI was calculated to be 0.55 and the RSI was calculated to be 7.2 for the test well.
Information from the American Water Works Association indicates that the desired range of LI
and RSI values to prevent corrosion and scaling is an LI greater than 0 and an RSI between 5.0

and 7.0. The results and our interpretations of the calculations are:

e The Ll is in the desired range (slightly greater than zero (0)) and the water is considered
to have a slight but tolerable scaling potential.

e The RSl is slightly outside the desired range of 5.0 to 7.0 and the water is considered to
have a slight but tolerable corrosive potential.

Therefore, the degree of corrosion and scaling of plumbing should be acceptable. Additionally,
based on our experience of carrying out resident interviews of homeowners with high TDS
concentrations in their drinking water, we do not anticipate any discernable taste problems due

to the TDS exceedance.

As per MOE Guideline D-5-5, we have shown that corrosion and encrustation are not expected
to be of concern based on the LI and RSI calculations and we do not anticipate any discernable
taste problems. Furthermore, a conventional water softener could be installed. The use of a
conventional water softener will not reduce the total TDS, but will reduce the concentrations of

calcium and magnesium, which are contributing factors to corrosion and encrustation.

Turbidity

The level of turbidity reported on the laboratory reports of analysis for the three (3) and six (6)
hour water samples collected on May 18, 2010, ranged from 11.2 to 22.9 NTU and exceeded
the ODWS aesthetic objective of 5.0 NTU. Additionally, field measurements of the turbidity
during the pumping test ranged from 6.83 to 34.54 NTU.

Houle Chevrier Engineering Ltd.
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Elevated levels of turbidity encountered in the test well are likely the result of the hydro-
fracturing activities previously conducted on the test well (refer to section 3.1.3 of this report).

Additional pumping of the test well was carried out on June 8 and June 9, 2010, to address
microbiological exceedances. Field turbidity measurements were taken on June 9, 2010, to
confirm that turbidity levels reduced to levels below the ODWS aesthetic objective. Four (4)
consecutive field turbidity measurements were taken approximately five (5) minutes apart. The

results of the field turbidity testing are provided in Table 4.

As indicated in Table 4, the level of turbidity as measured in the field ranged from 1.95 to 2.76
NTU. Therefore, based on the field turbidity measurements made on June 9, 2010, the water
from the test well currently meets the ODWS aesthetic objective for turbidity.

Hardness

The concentration of hardness in the water samples obtained from the test well ranged from 121
to 128 mg/L as CaCO3 and exceeded the operational guideline of 80 to 100 mg/L of CaCO3 as

specified in the ODWS.

Water having a hardness level above 80 to 100 mg/L as CaCOg3 is often softened for domestic
use. The MOE Procedure D-5-5 document states that water having a hardness value more
than 300 mg/L is considered "very hard". The Ontario Ministry of the Environment publication
entitled "Ontario Drinking Water Objectives", states that waters with hardness in excess of 500
mg/L are considered to be unacceptable for most domestic purposes. Most water supply wells

within rural eastern Ontario are equipped with water softeners.

The level of hardness in the test well is within the treatable limits provided in MOE Procedure D-

5-5 document using conventional water softeners.

Water softening by conventional sodium ion exchange may introduce relatively high
concentrations of sodium into the drinking water which may be of concern to persons on a
sodium restricted diet. The use of potassium chloride in the water softener (which adds
potassium to the water instead of sodium) could be considered as a means of keeping sodium
concentrations in the water at background levels. Consideration could also be given to

providing a bypass of the water softener for drinking water purposes.
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3.3  Water Quantity

A pumping test was carried out on the onsite test well to determine the characteristics of the
water supply aquifer. Water level measurements were taken using an electronic water level
tape and an electronic data logger in the test well during the pumping and recovery portions of
the pumping test. The drawdown and recovery data and graphs for the water levels in the test
wells during pumping are provided in Appendix I. The drawdown data contained in Appendix |

was measured with reference to the top of the well casings.

Please note that the discharge rate on the drawdown data and graph sheets for the pumping
tests are listed as variable because the recovery period, where the discharge rate is zero, is
included in the same data set as the drawdown data. However, the actual discharge rate during

the pumping of the test wells was at a constant rate.

The specific details of the pumping tests carried out on the test well are summarized below. All

depths provided are in metres below ground surface (m BGS):

Parameter Test Well
Pumping Duration (minutes) 381
Flow Rate (L/min) 22.8
Static Water Level (m BGS) 8.26
Well Depth (m BGS) 138.67
Available Drawdown (m) 130.09
Water Level at End of Pumping
Observed Drawdown at End of 20,38
Pumping (m) '
Drawdown Utilized (%) 15.7
Specific Capacity (m*/daysm) 1.6

As per MOE Procedure D-5-5, the test well was pumped at a flow rate greater than 13.7 litres
per minute over a minimum of 6 hours. The maximum drawdown observed was 20.38 metres
which is equivalent to approximately 15.7 percent of the available drawdown in the test well.
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Based on these results, the onsite test well is capable of supplying water at a rate greater than
22.8 litres per minute for a period greater than six (6) hours. This is considered more than

sufficient for proposed development use.

Based on the results of the drawdown and recovery data for the pumping test on the test well,
the transmissivity was determined based on Theis analyses using Aquifer Test Pro 4.2.1.0, a
commercially available software program from Waterloo Hydrogeologic Inc. The resuilts of the
Aquifer Test Pro 4.2.1.0 analysis are provided in Appendix M. The results of the analysis are

summarized below:

Data Source Transmissivity (m%day)
Test Well 1.3
Typical Aquifer Parameters 15.7

The typical aquifer parameters transmissivity value was calculated as the arithmetic mean from
the average transmissivity values for the Nepean-March-Oxford Hydrogeologic Unit, Rockcliffe
Hydrogeologic Unit and Ottawa Group Hydrogeologic Unit provided in the MOE document
entitled “The Hydrogeology of Southern Ontario, Second Edition” and dated April 2003.

The results of the Theis analysis indicate that the calculated transmissivity of the water supply
aquifer available at the subject site is less than the typical aquifer transmissivity for local
aquifers in the Ottawa area. Although the calculated transmissivity is less than typical

transmissivity, there is sufficient water available at the site. This conclusion is based on:
o the flow rate during the pumping tests (22.8 litres per minute);

e the duration of the pumping tests (greater than 6 hours);

e the drawdown observed in the water wells (maximum of 15.7 percent drawdown after 6
hours of pumping), and;

e the water level in the well recovered by 95 percent of the drawdown approximately 130
minutes after the pump was shut off.
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3.4  Ontario Ministry of Environment Water Well Records

The MOE Water Well Records for a 1.5 kilometre radius surrounding the subject site were
obtained to determine the characteristics of existing private wells in the vicinity of the subject
site. A total of one hundred and twenty two (122) well records were obtained and these records
are provided in Appendix N. One hundred and five (105) of the well records were for drilled
wells completed in the bedrock, twelve (12) of the well records were for wells completed in the

overburden and five (5) of the well records were for unknown well types.

The well characteristics for the water well records are summarized below:

Parameter Minimum Maximum
Depth Water Found (m) 7.6 147.8
Pumping Rate (litres per
minute) 45 682
Total Well Depth (m) 3.7 154.2

The depth to water found, pumping rate and total well depth of the onsite test well are within the
ranges of depth to water found, pumping rate and total well depth for private wells in the vicinity

of the subject site.
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4.0 CONCLUSIONS

The subject site is considered suitable for development based on the results of the
hydrogeological assessment. The quality and quantity of groundwater is sufficient to service

proposed development.

Following hydro-fracturing and chlorination of the test well, water quality at the site is suitable for

the intended use since:

e Education and notification measures can be put in place to address fluoride
concentrations that range between 1.5 and 2.4 mg/I.

e Notification can be provided to indicate sodium concentrations exceeding the ODWS
warning level of 20mg/I.

e A combination of reasonably available treatment measures (as indicated by MOE
Procedure D-5-5 document), including aeration and conventional water softeners can be
utilized to address hydrogen sulphide, total dissolved solids and hardness.

e The local medical officer of health has been notified of the sodium and fluoride
concentrations found in the test well and concurred that education and notification to the
users of the well for consumption purposes is an acceptable approach.

e The pump test indicated that the onsite test well is capable of sustaining short term
yields greater than 22.8 litres per minute for a minimum period of six (6) hours. The
maximum observed drawdown during the pumping test was approximately 15.7 percent
of the available drawdown in the test well. The quantity of water pumped during the six
(6) hour pumping test is greater than the calculated daily design flow for the proposed
septic system to service the development. Therefore, the quantity of water available
from the test well is sufficient to service the proposed development.

e The results of the nitrate dilution calculation indicate that the expected nitrate
concentration at the boundaries of the subject site is expected to be approximately 1.5
mg/L, which is below the allowable nitrate concentration at the site boundaries.
Therefore, no significant impacts from onsite disposal of septic effluent are anticipated
on the water supply aquifer due to the proposed development.
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6.0 LIMITATIONS OF REPORT

This report was prepared for Novatech Engineering Consultants (Novatech) and Pinecrest
Remembrance Services Ltd. (Pinecrest) and is intended for the exclusive use of Novatech and
Pinecrest. This report may not be relied upon by any other person or entity without the express
written consent of HCEL, Novatech and Pinecrest. Nothing in this report is intended to provide a

legal opinion.

The investigation undertaken by HCEL with respect to this report and any conclusions or
recommendations made in this report reflect the best judgments of HCEL based on the site
conditions observed during the investigations undertaken at the date(s) identified in the report and
on the information available at the time the report was prepared. This report has been prepared
for the application noted and it is based, in part, on visual observations made at the site,
subsurface investigations at discrete locations and depths and laboratory analyses of specific
chemical parameters and material during a specific time interval, all as described in the report.
Unless otherwise stated, the findings contained in this report cannot be extrapolated or extended
to previous or future site conditions, portions of the site that were unavailable for direct
investigation, subsurface locations on the site that were not investigated directly, or chemical

parameters, materials or analysis which were not addressed.

Should new information become available during future work, including excavations, borings or
other studies, HCEL should be requested to review the information and, if necessary, re-assess

the conclusions presented herein.
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We trust that this report is sufficient for your requirements. If you have any questions
concerning this information or if we can be of further assistance to you on this project, please

call.

Yours truly,

HOULE CHEVRIER ENGINEERING LTD.

James McEwen, B.Sc., B.Eng.
Hydrogeologist -

Mike Grinnell, P.Eng.
Senior Environmental Engineer

Andrew Chevrier, M.Eng., P.Eng.
Principal
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APPENDIX B

NITRATE CONCENTRATIONS
EXOVA ACCUTEST REPORT OF ANALYSIS
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APPENDIX C

OTTAWA INTERNATIONAL AIRPORT WATER SURPLUS DATA
ENVIRONMENT CANADA
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Environment Canada
Water Surplus Data
(1983-2002)
Soil Type: ~ SityClay
Water Holding Capacity: 280 millimetres
| Year  Surplus (mm)
| 1983 3371 -
1984 3867 i ]
| 1985  258.8 B i
1986 4604
| 1987, 2406 )
1988 2873 i -
1989, 2039, -
| 1990 3539 -
i 1991 3358 ] B
1992 387 i
1993 4677 ! B
1994 335.6 -
- 1995 298.6 -
1996 374.3 I
19970 3414 I8
1998/ 22338 I}
1999 150.9 1
| 2000 329.3 -
2001 215.5 T
2002 - 338.6 Rl -
Avg. Surplus (mm) (1983-2003) | 312.4

Houle Chevrier Engineering Ltd.
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APPENDIX D

NITRATE DILUTION CALCULATION
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APPENDIX D

NITRATE DILUTION CALCULATION

Average Water Surplus for 1983-2002
(Ottawa International Airport) = 312.4 millimetres

Potential Area for Infiltration = Site Area - Hard Surface Areas

= 485,619 m* - 36,500 m? (Estimated Hard Surface Areas)
= 449,119 m?

Volume of Available Annual Infiltration

= 449,119 m” x 0.3124 m (NPI) x 0.45 (infiltration factor) = 63,137 m®

Annual expected volume of effluent based on 6,900 litres of effluent per day

=1 x 6,900 litres/day x 1 x 365 days/year = 2,518.5 m®
1000 litres/m®

Concentration of Nitrate at Site Boundaries

=2,518.5m> x 40 mgl/litre = 1.53 mgl/litre
63,137 m® +2,518.5 m®

Houle Chevrier Engineering Ltd.
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APPENDIX E

ONSITE TEST WELL WATER WELL RECORD
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APPENDIX F

PRELIMINARY WATER TEST RESULTS
EXOVA ACCUTEST REPORTS OF ANALYSES
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APPENDIX G
PRE-HYDRO FRACTURING SUPPLEMENTAL WATER SAMPLING

EXOVA ACCUTEST REPORTS OF ANALYSIS
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